Aims: The value of ECG in the perioperative risk stratification under modern treatment options is uncertain. The main objective of the present analysis was to determine the usefulness of a preoperative ECG derivation for evaluating the risk of perioperative morbidity and mortality. Methods: We performed a secondary analysis of the prospective, international, multicenter, observational "No-Risk" Study (N-terminal B-type natriuretic peptide [NT-proBNP] for the assessment of the perioperative cardiac risk after major noncardiac surgery) to determine the prognostic value of 12-lead ECG. Inclusion criteria were age >55 years and at least one of the following cardiovascular risk factors: arterial hypertension, diabetes mellitus, dyslipidemia, active smoking, and family history positive for coronary heart disease. The combined primary endpoint included total mortality, acute myocardial infarction (NSTEMI and STEMI), cardiopulmonary resuscitation, heart fail-* Corresponding author.
Introduction
The number of patients who undergo noncardiac surgery per year is constantly increasing worldwide. Indeed, severe complications such as perioperative cardiac death, nonfatal cardiac infarction, or nonlethal cardiac arrest develop in about 500,000 to 900,000 of those patients [1] . Furthermore, perioperative cardiovascular complications develop in 3.9% of patients with cardiac risk factors in whom noncardiac surgery is performed [1] , which are mostly related to (unknown) coronary heart disease (CHD) [2] .
Some clinical indices (Goldman, Detsky, Lee) have been established for stratifying perioperative cardiovascular risk in noncardiac surgery [2] - [4] . Furthermore, numerous studies exist in which the additive predictive value of pathologic electrocardiographic findings is discussed. Cardiac markers, namely, brain natriuretic peptide (BNP), N-terminal brain type natriuretic peptide (NT-proBNP), and troponin (troponin I and T) also seem to be useful for risk stratification [5] [6] .
Preoperative 12-lead ECG is considered to be an easy and economic screening tool; thus, it is used in the preoperative period at many centers to detect pathologic heart conditions, above all asymptomatic CHD which might not have been discovered in the patient yet and would require further diagnostic steps [7] . However, some studies claim that 12-lead ECG is an unsuitable screening tool for undetected CHD and that its predictive value regarding postoperative complications is low [8] [9] .
Methods

Patients
We performed a secondary analysis of the prospective, international, multicenter, observational "No-Risk" Study (N-terminal B-type natriuretic peptide [NT-proBNP] for the assessment of the perioperative cardiac risk after major noncardiac surgery) to determine the prognostic value of 12-lead ECG. The study centers that contributed patient data to this subanalysis were: Department of Cardiology, Kerckhoff Heart and Thorax Center Bad Nauheim (Germany), Jung-Stilling Hospital Siegen (Germany), University Hospital Regensburg (Germany), University Hospital Halle/Saale (Germany), University Hospital Basel (Switzerland), University Hospital Valladolid (Spain), and University Hospital Kragujevac (Serbia).
From 2006 to 2009 a total number of 979 patients were enrolled prior to noncardiac surgery. Inclusion criteria were major noncardiac surgery under general anesthesia, age > 55 years, and the presence of at least one of the following cardiovascular risk factors: arterial hypertension, diabetes mellitus, dyslipidemia, active smoking, and family history positive for coronary heart disease. Exclusion criteria were emergency surgery and inability to understand or to give written informed consent. All patients included in the study gave their written informed consent. The study was approved by the local ethical boards of the participating centers and has therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. Details of the No-Risk Study have been presented elsewhere [10] .
Clinical Endpoints
The predefined combined primary endpoint included total mortality, acute myocardial infarction (NSTEMI and STEMI), cardiopulmonary resuscitation, heart failure, and asystole or ventricular fibrillation during the hospitalization period. Endpoint assessment was conducted according to the clinical standards of the respective centers. The diagnosis of peri-or postoperative myocardial infarction was made on the basis of the universal definition of myocardial infarction [11] .
ECG Analysis
Preoperative electrocardiography was performed following local standards (paper speed 50 or 25 mm/s). The criteria for evaluating the preoperatively derived ECGs were determined before performing the analysis.
In patients in whom heart rate, PQ and QT time, and the duration of P wave, Q wave, and QRS complex were determined automatically, those parameters were manually verified and corrected if necessary. In the following the applied ECG criteria are described.
Atrial Fibrillation (AF): AF was diagnosed when fibrillation waves were detected instead of P waves. Further criteria for the definition of AF were a lack of an isoelectric line and RR intervals with a wide variety of RR intervals.
Preexcitation Syndrome: A PQ interval of less than 120 ms and possibly present delta waves defined ECG signs of preexcitation. A delta wave was considered to be a slow and premature rise in the R spike without an isoelectric line between the P wave and QRS complex.
AV Block: A PQ interval of more than 210 ms was defined as indicative for AV block I˚. A progressive increase in that interval until one QRS complex was missing was taken as diagnosing an AV block II˚ Mobitz type I. The AV block II˚ Mobitz type II is characterized by a sudden absence of the QRS complex without any prior progressive increase in the QT interval. If atrial excitation was not forwarded to the ventricles and a P wave was not followed regularly by a QRS complex, AV block III˚ was diagnosed.
Electrical Heart Axis: In this analysis an electrical heart axis with a main vector between −30˚ and 90˚ was considered physiologic; main vectors outside that range were classified as pathologic.
Ventricular Extrasystoles: Premature, prolonged, and mono-or polymorphic QRS complexes possibly with a compensatory pause constituted the electrocardiographic signs for ventricular extrasystoles.
Myocardial Hypertrophy: To diagnose left ventricular hypertrophy, a Sokolow-Lyon index exceeding 3.4 mV was required (SV1/SV2 + RV5/RV6), for right ventricular hypertrophy an index higher than 1.05 mV (RV1/RV2 + SV5/SV6).
Bundle Branch Block: A QRS interval of maximally 110 ms was considered to be normal. Any prolongation indicated a block of the ventricular conduction. In incomplete blocks, the QRS interval remains normal.
A complete left bundle branch block was defined as a QRS interval prolongation of more than 110 ms, a broad S spike in V 1 , and broad, deformed R spikes in I, aVL, V 5 , and V 6 . An incomplete left bundle branch block was diagnosed when the typical deformation of the QRS complex but a normal QRS interval was found.
When partial left bundle branch blocks were considered, normal QRS interval and poor R wave progression in the chest leads were indicative. Furthermore, a left anterior fascicular block (LAFB) was characterized by a heart axis deviation to less than −30˚, prominent S spikes in V 5 and V 6 and a small Q wave in I and aVL. In the case of a left posterior fascicular block (LPFB), a heart axis deviation to more than 120˚ and small Q spikes in II, III, and aVF were traced.
Right bundle branch block was defined by prolongation of the QRS interval, rSR' configuration in V1-and V2-QRS complexes and broad S in I, aVL, and V6.
Incomplete RBBB was defined by QRS duration between 110 and 120 ms. Other criteria were the same as for complete RBBB.
Pathologic Q Waves: Signs of prior myocardial infarction were defined as pathologic Q waves (Pardée Q). Presence of pathologic Q waves was diagnosed if the duration of the waves surpassed 30 ms and the amplitudes exceeded one third of the following RS complex in corresponding leads.
QTc Time: The QTc time was determined by applying Bazett's formula [12] . In this analysis, QTc > 500 ms was considered as clearly pathologic.
ST/T Changes: ST changes were considered abnormal if they were horizontal or descending depressions of at least 0.1 mV 80 ms after the J point. A pathologic T wave was present if it was negative in any lead, except for aVR and V1. If the main vector of the respective lead was negative, the T wave was allowed to be negative, too.
Statistics
Statistical analysis was performed with SPSS 11.5 ® . Arithmetical mean and standard deviation were used to describe continuous, symmetrically distributed variables. The t-test was employed to compare the arithmetic mean between two groups. Continuous variables with skewed distribution were characterized applying the median and 25% and 75% quartiles, respectively. For comparison of those variables, the Mann-Whitney U-test was chosen. Categorical variables were described in absolute numbers and percentages; for comparison between groups the Chi-Squared test was performed. Kaplan-Meier analyses with log-rank test were performed for endpoint analyses. For this, continuous variables were transformed into binary variables, applying the respective median. Differences in outcome between the groups were considered to be significant if the p value was 0.05 or less.
Results
Patient Characteristics
The mean age of the patients was 67.6 (±8.1) years, and 300 (48.7%) of them were male. Neither age nor sex differed significantly between the groups with and without combined primary endpoint ( Table 1) .
According to patient history, prior myocardial infarction was reported in 51 patients (8.3%). Patients with primary endpoint had suffered from prior myocardial infarction more often than those patients without myocardial infarction in their medical history (p = 0.005) ( Table 1) . Prior cerebral infarction was reported in the patient histories of 40 individuals (6.5%). Three of the patients with primary endpoint (21.4%) had suffered from such an event in the past in comparison to only 6.1% of patients without primary endpoint (p = 0.022) ( Table 1) .
Furthermore, 149 (24.2%) of the patients were suffering from a malignancy at study inclusion or had one in their history. Regarding the 14 patients who suffered from the combined primary endpoint, eight reported present or past malignant disease (57.1%). In the group without primary endpoint 23.4% of patients fulfilled this criterion, resulting in a significant difference between the groups (p = 0.004) ( Table 1) .
The most frequently present risk factor in the study population was arterial hypertension (521 individuals, 84.6% of study population). In patients without combined endpoint arterial hypertension was present in 85%. Among patients with the combined endpoint arterial hypertension was significantly less frequently known (64.3%, p = 0.033) ( Table 1) .
The other study inclusion criteria (dyslipidemia, diabetes mellitus, family history positive for CHD, and active smoking) did not reach significance in comparison between the groups ( Table 1) .
Cardiovascular Medication, Vital Parameters, and Clinical Findings
The cardiovascular medications being taken by the study population can be derived from Table 2 . There were no significant differences between the groups. Vital parameters and clinical findings were also not different in the comparison of both groups. However, patients with a higher Lee-Index (Revised Cardiac Index) were more likely to suffer from the combined primary endpoint ( Table 2 ).
Laboratory Parameters
The arithmetic mean for hemoglobin in the study population was 13.61 g/dl (±1.73). Considering the two subgroups separately, a normal mean value persisted. However, for patients who experienced the primary endpoint, it was 1.38 g/dl lower (p = 0.003) ( Table 3) . The results concerning the predictive value of troponin T and NTproBNP in the No-Risk Study were published previously [10] . 
Surgical Procedures
ECG Parameter
The median of the electrocardiographically determined heart rate in this study population was 70 beats per minute. The difference in electrocardiographically determined heart rate was not significant between the groups of patients with and without occurrence of the combined primary endpoint (74/min vs. 70/min; p = 0.193). In 446 (72.4%) patients, electrocardiographic pathologies were present. The most frequently occurring electrocardiographic pathologies were presence of an electric heart axis deviation (107 [17.4%]) and signs for myocardial hypertrophy (108 [17.5%]). However, those variables did not reach significance in the between-groups comparison (p = 0.758 and p = 0.698 respectively).
Atrial fibrillation was detected in 38 (6.2%) patients. It was only diagnosed in 35 (5.8%) patients without combined endpoint, whereas it was observed significantly more frequently in patients who experienced the endpoint (3 patients, [24.1%] , [p = 0.016]).
Electrocardiographic signs indicating prior myocardial infarction (Pardée Q in corresponding leads) were found in 54 patients (8.8%). Among them, 49 (8.2%) patients without and 5 (35.7%) patients with primary endpoint presented with those kinds of ECG changes (p < 0.001). In the present analysis, a previous myocardial event could only be derived from the patient history in 16 (29.6%) of 54 patients with electrocardiographic signs of prior myocardial infarction.
The mean value for the corrected QT time was 424 ms (±32). In patients who suffered from the primary endpoint it was prolonged to 440 ms (±39) (p = 0.046). Of the 14 patients experiencing the primary endpoint, the QTc time was higher than the cut-off value (500 ms) in 14.3%. In the group without the endpoint, such a prolongation was only found in 2.5% of the patients (p = 0.008) ( Table 4) . 
Continuous symmetrically distributed variables described as arithmetical mean (±standard deviation); Categorical variables described as absolute numbers and percentage in brackets (%); RR systolic = systolic blood pressure in mmHg; Pulse rate in beats per minute; Signs of cardiac insufficiency: peripheral edema/wet rale in auscultation/pleural effusion, ARB = Angiotensin Receptor Blocker, NYHA = New York Heart Association, CCS = Canadian Cardiovascular Society.
Kaplan-Meier Analysis
The variables that showed a significant difference in comparison between the groups were subjected to KaplanMeier analysis. Continuous variables were separated along the median and thus transformed to binary variables. Preoperative NT-proBNP and Hs-TnT showed significant differences in the log-rank testing. The prognostic values of those parameters in the present study population have been extensively discussed in previous work [10] .
In log-rank testing, a difference in prognosis for event-free survival was found for patients with or without a malignant disease (p = 0.036).
Atrial fibrillation in the preoperative ECG missed significance in log-rank testing (p = 0.078). Electrocardio- Continuous symmetrically distributed variables described as arithmetical mean (±standard deviation); Continuous variables with skew distribution characterized by median and 25% or 75% Quartiles; Hb in g/dl, creatinine in mg/dl, Leukocytes in thousand/µl, Thrombocytes in thousand/µl, HsTnT in pg/ml, NT-proBNP in pg/ml, Hb = Hemoglobin, HsTnT = high sensitive Troponin T, NT-proBNP = N-terminal brain type natriuretic peptide. Continuous symmetrically distributed variables described with arithmetical mean (±standard deviation); Continuous variables with skew distribution characterized by median and 25% or 75% quartiles; Categorical variables described in absolute numbers and percentage in brackets (%), heart rate in QRS complexes per minute.
graphic signs of prior myocardial infarction and a prolongation of the QTc time (dichotomized by a QTc time of 500 ms) had a significant influence on shorter event-free survival (p < 0.001 and p = 0.042, respectively) (Figure 1, Figure 2 ). The combined endpoint was experienced by 14 individuals. Eleven of those individuals deceased. The causes of death and the frequency of the other endpoints are presented in Table 5 .
Discussion
Perioperative cardiovascular morbidity and mortality represent the most relevant perioperative complications. An increased cardiovascular risk profile in the general population is responsible for the fact that cardiovascular complications in the perioperative setting have not decreased decisively in the past three decades [13] .
According to current guidelines, routine derivation of preoperative ECG is only recommended for patients at risk [14] . Lee et al. [4] stated that individuals with pathologic Q waves in preoperative ECG (and thus a higher score on the revised cardiac index) require closer clinical attention without specifying which would be the next step in preoperative diagnostics. Similarly Fleisher et al. [14] mentioned 12-lead resting ECG in their recommendations for preoperative risk stratification and suggest exercise stress testing as further preoperative diagnostic tool to estimate perioperative cardiac risk. The importance of routine preoperative 12-lead resting ECG in patients not in the defined risk groups is currently being controversially discussed in the literature. In this special context there is still a need for further and conclusive investigation [7] - [9] [15] [16] . o Acute hepatic failure (n = 1).
(1.8)
• Asystole or ventricular fibrillation 6 (1)
• Cardiopulmonary resuscitation 3 (0.5)
• Acute decompensated cardiac insufficiency 2 (0.3)
• Acute myocardial infarction (NSTEMI und STEMI) 1 (0.2)
MODS: Multi-organ dysfunction syndrome.
ECG Parameters
The main objective of the present analysis was to determine the usefulness of a preoperative ECG derivation for evaluating the risk of perioperative morbidity and mortality. In various studies different ECG parameters are considered to be relevant, resulting in a confusing variety of opinions about which parameters had prognostic importance [7] - [9] [15] [17] [18] .
In our analysis at least one of the ECG pathologies which we took into account was found in 72.4% of our study subjects. However, pathologic ECGs as a total did not occur more frequently in patients with the primary endpoint than in those without ( Table 4) .
At 75.2%, a comparably high percentage of pathologic ECGs were found in a study by Liu et al. [8] . Notably, three out of 14 patients (21%) experiencing the primary endpoint in our analysis did not show any abnormal results in the preoperative ECG. The variables "pathologic Q waves" and "QTc more than 500 ms" reached significance in Kaplan-Meier analysis with log-rank testing (Figure 1, Figure 2) . Atrial fibrillation, which was a significant predictor in between-group comparisons, missed significance in log-rank testing. In comparable studies, atrial fibrillation didn't either reach statistical significance [7] - [9] [15] [17] [18] .
Regarding the predictive value of "QTc time above 500 ms" Payne et al. [17] described similar results in their study population comprising 345 individuals. Furthermore, the findings of Biteker et al. [18] can also be supported by the present study. Biteker et al. also showed that preoperative QTc time was significantly longer for individuals experiencing perioperative cardiovascular events than for the rest of their study population. In addition to this, Biteker et al. found in a multivariate analysis that risk increased by 13% for every 10 ms of QTc prolongation [18] .
The most common reasons for QTc alterations are medications [19] . In the context of the aforementioned observations preoperative ECG derivation could be a useful tool to detect QTc prolongation and thus those individuals potentially at an elevated cardiovascular risk. If an electrocardiographically detected QTc prolongation leads to a focused search for a responsible substance, it may help discover a reversible cause of the problem and consequently further minimize perioperative cardiovascular risk.
Presence of pathologic Q waves in the ECGs of this study population was significantly associated with shorter event-free survival than in individuals without such signs (Figure 1) . Lee et al. [4] also traced a strong association between the presence of pathologic Q waves in preoperative ECG and perioperative cardiac complications. This criterion was consequently integrated into the Lee Index where it is defined as a sign of ischemic heart disease, thus adding one more point to the index.
At first glance it seems to be questionable as to whether an ECG is necessary to find out about prior myocardial infarction because such an event often is symptomatic and can thus be derived from the patient history. However, the prevalence of silent myocardial infarction increases with age up to 6.4% in the general population [20] , in diabetic patients even up to 34% [21] . Unrecognized or silent myocardial infarction should not be considered to be minor events [22] . In the Framingham study, it was shown that prognosis regarding another cardiac event after silent infarction is similar to the prognosis after symptomatic heart attack [23] .
Aronow deduced that all patients of at least 60 years of age should undergo frequent routine ECG derivation, especially before and after surgery, in order to possibly initiate protective pharmacotherapy [24] . De Torbal et al. [22] even suggest frequent ECG screening beginning with 55 years of age.
In the present analysis, a previous myocardial event could only be derived from the patient history in 16 (29.6%) of 54 patients with electrocardiographic signs of prior myocardial infarction (pathologic Q waves). In the remaining 38 (70.4%) of the patients, silent or untypical myocardial infarction might have occurred. Without preoperative ECG an important factor for perioperative risk assessment would have been missed in those individuals. Consequently, the results of our analysis underscore the findings postulated by Aronow and de Torbal.
The risk for silent myocardial infarction rises with cardiovascular risk factors such as arterial hypertension, diabetes mellitus, advanced age, and known cardiovascular diseases [25] . Considering the demographic development in most industrialized countries and a continuous increase in the prevalence of the aforementioned diseases, a further increase in the incidence of silent myocardial infarction must be expected. Furthermore, it should be taken into consideration that if an infarction is suspected in the perioperative setting, a preoperatively derived ECG could help to distinguish new from preexisting ECG abnormalities [15] .
Study Limitations
The main limitation of our study is the low incidence of endpoints. Moreover, although the No-Risk study included 979 patients only in 616 cases an ECG was available. However, in our opinion the statistical power of our study is high enough to support the demand for routine preoperative ECG derivation in patients at risk.
Conclusions
We conclude from our analyses that first in case of QTc-prolongation it is necessary to identify medication underlying this phenomenon or even postpone the surgery. Second, in presence of pathological Q waves a more thorough preoperative cardiological examination, which may lead to optimization of the medication or even cardiac catheterization, should be taken into consideration.
Twelve-lead ECG is still important in the assessment of perioperative risk today, also with respect to state-ofthe-art surgical, anesthesialogical, and intensive care therapy.
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